Addressing inefficiencies in the referral process may improve access to dermatologic care. Reallocating appropriate aspects of skin care to primary care clinicians may reduce wait times for dermatology appointments, allowing quicker access to care for other patients seeking dermatologic evaluation. Improving coordination of care in an era of accountable care organizations (ACO) targets the triple aim of improving patient satisfaction and quality of care while reducing overall system costs. [6] [7] [8] [9] [10] In this study, we model the effect of algorithm-based acne treatment by primary care clinicians on referrals to a dermatologist. Despite the high diagnostic concordance of acne between patients, referring physicians, and dermatologists, acne remains a common indication for referral to a dermatologist.
11,12
The effect of primary care clinician education and management algorithms in reducing referrals to specialty care have been demonstrated for other diseases.
8,9, 13 Stepwise treatment algorithms for acne that can be implemented by a primary care clinician have been proposed in both the primary care and dermatology literature. [14] [15] [16] We hypothesize that application of an acne treatment algorithm by primary care clinicians can propel acne into a shared care environment that may reduce patient wait times to appropriate treatment, streamline the referral process, and decrease the number of referred patients who never see a dermatologist (no-shows).
Methods

Study Setting
This study was conducted at Brigham and Women's Hospital, a tertiary academic center in Boston, Massachusetts.
Data Source
We conducted a retrospective review of all electronic referrals (eReferrals) completed by primary care clinicians within the Brigham and Women's Hospital network from January 2014 through March 2015. The eReferral system is the standard system for internal referrals between primary care clinicians and specialists at our institution. The database includes the referring location, name of primary care clinician, reason for referral, referral urgency, response time (date the patient was contacted to date of scheduled appointment), and the outcome of the eReferral (scheduled vs declined).
A search of referral reasons for the term "acne" was performed. Each identified chart was manually evaluated to assess all topical and systemic treatments prescribed by the primary care clinician, whether the patient was evaluated by a dermatologist, diagnostic agreement between the primary care clinician and dermatologist, and all topical and systemic treatments prescribed by the dermatologist at the initial visit and over 6 months of treatment. Patient demographic information, including age, sex, race and education level, was obtained from hospital registration systems.
Additional primary care clinician demographic data, including type of provider (attending physician, resident physician, nurse practitioner, or physician's assistant), years in practice, and medical specialty (of MD practitioners), were obtained from the Board of Registration in Medicine for the Commonwealth of Massachusetts. Partners Healthcare institutional review board approval was obtained for this study.
Statistical Analysis
Patient demographics and scheduling variables were compared between patients with a complaint of acne alone and patients with complaints of acne plus another dermatologic issue using χ 2 tests. Treatment prescribing patterns of the primary care clinicians were recorded as counts and percents. Similarly, counts and percents of treatments by primary care clinicians and by dermatologists were computed among patients who were referred by primary care clinician and ultimately evaluated by a dermatologist, and changes in treatment were assessed with the McNemar test. We devised 2 acne treatment algorithms, one in which topical treatments were initiated by primary care clinicians instead of dermatologists (algorithm A) (Supplement), and a second in which topical treatments and systemic antibiotics were initiated by primary care clinicians instead of dermatologists (algorithm B) (Supplement). To estimate the effect of primary care clinician-initiated acne treatments, we applied each of these algorithms to the original eReferral acne data set and calculated ensuing reductions in dermatology appointments and delays to treatment.
We analyzed the treatments prescribed by a dermatologist for each patient over 6 months in the eReferral data set and then applied algorithms A and B to each patient. For example, if a patient's acne was treated successfully with topical treatments alone, then applying algorithm A would obviate dermatology visits all together. If a patient required topical treatments initially and systemic antibiotics at later visits, then applying algorithm A would delay the initial dermatology visit, but a later dermatology visit would still be necessary to prescribe systemic antibiotics. Conversely, applying algorithm B
Key Points
Question: What are the potential economic and patient care effects of reducing dermatology referrals for acne by promoting algorithm-based treatment by primary care clinicians?
Findings: In this economic model, initiation of topical treatments for acne by primary care clinicians decreased referrals to a dermatologist by 48%, saving $20.28 per patient and reducing average wait time by 5 days per patient; treatment with topical agents and oral antibiotics decreased referrals by 72%, saving $35.68 and shortening average wait time by 9 days per patient.
Meaning: Effective implementation of algorithm-based acne treatment by primary care clinicians may improve access to dermatologists by reducing unnecessary visits, reducing patient wait times for treatment, and decreasing costs.
to patients who needed topical treatments and systemic antibiotics would eliminate all dermatology visits for that patient, unless the patient required additional treatments such as hormonal therapy or isotretinoin.
The cost of new patient dermatology appointments, wait time for dermatologic evaluation, and number of no-show visits were calculated for the following scenarios: (1) current referral strategy derived from our eReferral acne data set; (2) primary care clinicians initiate topical treatments (Figure, A) ; or (3) primary care clinicians initiate topical treatments and systemic antibiotics ( Figure) . In these calculations, we estimated the cost of a new patient dermatology visit to be $75.46, using the 99202 current procedural terminology code. 17 Wait time duration and no-show rates were based on the existing eReferral acne data set's median values and were assumed to be consistent rates across all 3 scenarios. An estimate of opportunity costs for patients of $43 was derived using the mean opportunity cost estimate (based on total time associated with a visit). 18 
Results
We identified 261 unique patient referrals that included "acne" within the reason for referral. We excluded 8 patients who were already being treated for acne by a dermatologist at the time of the referral (n = 3) or were not referred for acne (n = 5). Of 253 eligible patients, 170 were ultimately evaluated by a dermatologist and 150 were confirmed to have active acne and started on treatment. Fifty-one patients could not be reached for appointment scheduling and 32 patients did not keep their appointments (Figure) . The no-show rate was 32.8%. The majority of patients were female (77.1%), with a median age of 29. Forty-five percent of patients were of nonHispanic white ethnicity. More than two-thirds (68.4%) of patients were referred for evaluation of acne alone, while the remainder were referred for acne and another dermatologic issue. No significant differences were identified between patients referred solely for acne or acne in addition to another dermatologic problem ( Table 1) .
Eighty-one percent of patients were referred from attending physicians, 11% from mid-level clinicians, and 8% from resident physicians. The median time between referral request and date of appointment was 19 days. No statistically significant difference was seen in scheduling time between the "acne" and "acne plus other" referral groups.
Treatment prescribing patterns by primary care clinicians showed that 127 patients (50.2%) received no topical or systemic treatment prior to referral to a dermatologist. In this setting, topical treatments included over-the-counter products, such as salicylic acid, that were specifically recommended by the primary care clinician. Among those who were treated, the most commonly used topical treatments were benzoyl peroxide (n = 59 [23.3%]), topical antibiotics (n = 49 [19.4%]), and topical retinoids (n = 33 [13.0%]). Overall, 30 patients (11.9%) were started on dual combination topical therapy, and 8 patients (3.2%) were started on triple combination topical therapy. Antibiotics were the most commonly prescribed systemic treatment (n = 42 [16.6%]) ( Table 2) .
We compared treatment patterns between primary care clinicians and dermatologists among patients who were evaluated by dermatology, confirmed to have acne, and started on treatment (n = 150) ( Table 3) . Nearly all (n = 150 of 151 [99.3%]) patients were initiated on either topical or systemic treatment after the initial dermatology visit (P < .001); 47 patients (31.3%) were started on triple combination topical therapy by a dermatologist compared with 7 patients (4.7%) by primary care clinicians (P < .001). Changes in prescribing patterns of all topical and systemic treatments were statistically significant except for the use of oral contraceptive pills (P = .74). Only 5 patients (3.3%) required escalation of treatment by dermatologists to isotretinoin. Applying algorithm A (primary care clinicians initiate topical treatments) to our eReferral acne data set would reduce initial referrals by 48.0% (n = 72 patients) and eliminate referrals altogether for 60 patients (40.0%) ( Table 4 ). The mean (SD) delay-to-treatment would be reduced by 28.6 (24.9) days. Applying algorithm B (primary care clinicians initiate both topical treatments and systemic antibiotics) would reduce initial referrals by 86.7% (n = 130 patients) and eliminate referrals for 108 patients (72.0%) ( Table 4) . Algorithm B would reduce the mean (SD) delay-to-treatment by 27.9 (27.6) days.
Assuming a new dermatology visit cost of $75.46 and a median wait time of 19 days, the original 253 identified eligible patients in our acne eReferral data set experienced a total of 170 dermatology appointments with 83 no-shows. These 170 visits would incur a cost of $12 828 with 3230 days of total wait time. The net cost per patient would be $50.70 with 13 days of wait time per patient and a 33% no-show rate.
If primary care clinicians adopted algorithm A and initiated topical treatments prior to referral, 40% of referrals would be eliminated, resulting in 102 dermatology appointments at a cost of $7697. This would provide a savings of $5131 compared with the current referral strategy. Patients would save an additional $2924 in opportunity costs associated with unnecessary visits. The total wait time would be decreased by 1292 days with 33 fewer no-shows. The net health care cost per patient would be $30.42 ($20.28 savings per patient) and per-patient wait time would be 8 days with a no-show rate of 20%.
Adoption of algorithm B would eliminate 72% of all referrals, resulting in a total of 48 dermatology appointments at a cost of $3622 and a savings of $9206 compared with the current referral strategy. Total wait time would be reduced by 2318 days with 60 fewer no-shows; patients would save $5246 in opportunity costs. The net health care cost per person would be $14.32 ($35.68 savings per patient) and per-person wait time would be 4 days with a no-show rate of 9%.
Discussion
In this study, we assessed prescribing patterns of primary care clinicians and dermatologists within our cohort and identified significant differences in the types and combinations of treatments prescribed. Overall, 127 of 253 patients (50.2%) were not on any prescription treatments, and 158 patients(62.5%) were not on any topical treatments prior to referral to a dermatologist. In comparison, 141 patients (94.0%) were placed on at least 1 prescription topical treatment at their initial dermatology visits. Application of either algorithm A or algorithm B by primary care clinicians would result in substantial reduction of referrals, yielding decreased health care costs, treatment delays, no-shows, and opportunity costs for patients. These findings are consistent with prior reports that have demonstrated the effect of guideline interventions on referral patterns.
8-10, 13 In a Cochrane review 10 of interventions employed to improve outpatient referrals, "dissemination of guidelines with structured referral sheets" was 1 of only 2 strategies shown to affect referral rates.
It is important to note that a dermatologist's role in the treatment of acne must still be maintained. Experience from other similar efforts to transfer care from specialists to primary care clinicians have shown the effectiveness of reassigning clinical tasks to other team members to improve access to specialty care. 19 Our model suggests that empowering primary care clinicians to manage mild to moderate acne will reduce inefficiencies in the referral process so patients can benefit from expedited access to dermatologists when needed, resulting in more timely diagnosis and treatment of dermatologic diseases. These data must be interpreted in the context of our study design. Primary care is a limited resource, similar to dermatology. Our findings are extracted from and applicable to patients who already have access to primary care clinicians. While patients can be efficiently treated by presenting directly to a dermatologist, in many health plans, a referral from primary care is a requisite step that precludes this possibility. Furthermore, 235 patients (92.9%) in our cohort were being managed by their primary care clinicians for other health conditions in addition to acne. Given these other health concerns, the patients in our study would likely access their primary care clinicians regardless of the problem of acne. Thus, the judicious use of primary care resources to manage acne as part of the holistic care of the patient can prove to be a time-and costsaving strategy. This is a single-center study, which may reflect only a subset of national referral and prescribing patterns. It will be important to replicate these results at other institutions. Additionally, this study does not include patients with acne who were managed by primary care clinicians without referrals to dermatology. These patients may possess differences in clinical presentation or management.
Another limitation of our study is the lack of reflection of patient preference in the referral decision-making process. It should be noted that 80 (31.6%) of the referrals in our study were for acne plus another dermatologic issue, and such patients likely require dermatologic evaluation regardless of primary care clinician-driven acne management.
Future research should aim to evaluate the acceptability and adoption of structured referral guidelines by primary care clinicians, including the amount of training required for implementing these systems, and the sustainability of any changes in practice. Primary care clinicians' treatment decisions should be evaluated to ensure that patient safety and outcomes are not compromised. It remains to be seen whether expansion of this treatment model to more complicated acne cases (ie, patients who are pregnant or require hormonal therapy) or other skin conditions is feasible and beneficial.
Conclusions
Our results indicate that algorithm-based treatment of mild to moderate acne by primary care clinicians could potentially alter referral patterns, streamlining patient care by reducing wait time for treatment and lowering overall costs. Future research is needed to validate these proposed guidelines as a prospective, quality-improvement intervention. 
